Abstract
p = 0.52 cavities made of bulk niobium brings the beam to 236 MeV, followed by a section of 4-cell cavities with a nominal p of 0.7, which is the minimum p for which the standard CERN technique of sputtering niobium on copper can be applied [3] . At 380 MeV a section of 5-cell P = 0.8 cavities starts. Their cryostats [4] and cut-off tubes with all the ancillary equipment (input and HOM couplers) can be recuperated from LEP. Above 1.1 G~V two options have then been considered to reach the final energy [5] , either to pass to LEP cavities, or to continue with the p = 0.8 cavities, of gradient and transit time fattor but expensive to produce. nese two options Ne indicated as (a) and (b) in Table 2 , which summarises the main design parameters for the superconducting section. 
INTRODUCTION
The SPL is a high intensity H-linac designed for an energy of 2.2 GeV and a beam power of 4 MW [l] . It is proposed as a new injector for the CERN proton complex, with the aim to improve the beams delivered to the CERN users, and to be the proton driver for a future radioactive 32 tetrodes beam facility and for a high-intensity Neutrino Factory [2] . the p = 0.8 version has now been assumed as the reference layout, and the following considerations will refer to it. 
BEAM DYNAMICS
Quadrupole doublets with an aperture of 120 mm provide the transverse focusing throughout the linac. The maximum number of ,BA per focusing period varies between 17 in the p = 0.52 section (=+ three 4-cell cavities) and 33 in the p = 0.8 section. Due to the low longitudinal phase advance in the high energy part, the length of the focusing periods was doubled from 16.5 pX below 1.1 GeV to 33 PA above 1.1 GeV, thus providing space for two cryostats with altogether eight 5-cell cavities.
All multiparticle simulations were carried out at 40 mA, twice the nominal current, using the parallel 3D PIC code IMPACT [6] . For matching and designing the linac a modified version of the r.m.s. envelope code FIX3D [7] was employed. Since IMPACT offers the capability to simulate a beam with up to lo8 particles (25% of the actual number of particles in an SPL bunch!), several runs were made to determine the number of particles which is actually necessary for meaningful results. provement from lo5 to lo6 particles is clearly visible, an even higher number of particles does not seem to improve the accuracy of the results. A similar study was made to determine the size of an appropriate space charge grid. Runs with lo6 particles and grids between 323 and 2563 showed less than 0.7 % variation of the 99.99% emittance between the 1283 and the 2563 grid. Finally we fixed the simulation parameters to lo6 particles on a 1283 space charge grid.
MATCHING AND PHASE SLIP
Multi cell cavities which are built for a given particle velocity and operated over a range of velocities, provide a single cell "synchronous phase" for the beam that deviates from the "average phase" of the cavity (Fig.2) . This phase slippage reduces the transit time factors, the longitudinal focusing forces, and the energy acceptance of the machine. The reduction of the energy acceptance (the height of the RF bucket) is determined by the reduced transit time factor times an additional "slip factor", which accounts for the nonlinear dependence of the focusing forces on the slip angle [8] . When simulating multi cell structures with large slip angles (3155~ in our case), the "slip factor" is often ignored, which yields wrong phase advance values, incorrect magnet settings and cavity phasing, and thus increased mismatch at every transition between sections. Therefore, special care was taken to ensure that the matching code and the multiparticle code used the same RF gap model and the same method of dealing with phase slippage. In our case both codes make use of the on-axis field maps as calculated by SUPERFISH [9] and apply the correct single cell phases that are seen by the beam (see Fig. 2 ). The matching between sections is achieved by varying existing beam line elements before and after the transition.
DESIGN PRINCIPLES
The design is based on a systematic evaluation of different settings for the matched phase advance values of each focusing period. By testing several optics for their stability to a mismatched input beam, we found that the tune ratios and their location in the "Hofmann Charts" [ 101 provide an important guideline for the beam dynamics layout. In the final design we avoid the unstable regions of the chart by adjusting the tune ratios appropriately. The transitions between sections are designed to keep the phase advance per meter as smooth as possible (Fig.3) . Due to the changing length of the focusing periods at transitions this results in substantial but innocuous jumps of the phase advance per period. Despite these jumps, the zero current phase advance is always kept below 90° (Fig.3) . The ratio between longitudinal and transverse "beam temperature" varies between 1.6 in the beginning and 0. 8 
SIMULATION RESULTS
In the matched case there is practically no emittance growth, even the 99.99% emittance stays fairly constant (Fig. 4) . The ratio between the minimum beam pipe ra- In case of the Quadrupolar and the High-frequency mode the dominant mismatch amplitudes are found in the transverse planes, the planes where the highest emittance growth rates are observed (Table 3 ). In spite of the strong mismatch, the transverse r.m.s. emittance growth never exceeds 20%. The highest longitudinal emittance growth (7% r.m.s.) is found for Low-frequency mode excitation, where the dominant mismatch oscillation occurs in the longitudinal plane. The 99.99% emittances in Table 3 indicate the formation of beam halo for strong mismatch. However, even in the worst case (High-frequency mode excitation) the 100% transverse beam radius remains below 16 mm, providing sufficient safety margin with respect to the minimum beam pipe radius at the quadrupoles of 60 mm. Table 3 : Maximum emittance growth rates for matched and mismatched input beams
CONCLUSIONS
The code IMPACT with 1 million particles and an appropriate space charge grid of 1283 provides a powerful tool for studying the stability of the beam dynamics design and the possible halo formation due to mismatched input beams. In the case of the SPL superconducting section, a careful design that follows some basic rules and that avoids space charge resonances by a proper selection of the working point in the "Stability Charts" developed by Hofmann [lo] , shows minimum emittance growth in the presence of mismatch. The energy spread in the presence of mismatch is appropriate for loss free ring injection.
